Municipal Solid waste in devolved Governments and/or counties such as in Kenya through drying is discussed in this paper. In particular, the possibility of drying unsorted Municipal Solid waste based on patented process was proposed and discussed in depth because of the resource-rich nature of the waste generated .The proposed patented process was designed to reduce further accumulation of unsorted Municipal Solid Wastes as well as enhance recycling recyclable materials present in the unsorted wastes. The objective of this research was to investigate the effects of various factors on the drying rate of unsorted municipal solid waste. The loose and particulate nature of the unsorted Municipal solid waste was considered in this investigation. The composition of the samples investigated composed reflected typical composition of waste collected in Nairobi. Weight losses of the samples were measured on real-time basis in the experimental investigation with the aim of determining drying rate with respect to unsorted Municipal Solid wastes. Effect of the size of samples on the rate of drying was investigated. In addition, effect of different composition of different components in the sample on the drying rate was investigated. The effect of different temperature on the rate of drying was also investigated. Results from experiment showed that drying rate increased with an increase in temperature. In addition, the nature and composition of the waste also affected the drying rate of unsorted Municipal Solid waste. Finally, based on obtained results, it is evident that recycling of wastes through proposed drying process will significantly improve the recyclability of wastes.
I. INTRODUCTION
NSORTED Municipal Solid Wastes (MSW) is a key issue affecting growth and development of such rapidly developing countries such as Kenya. Existing solutions implemented for handling and treating wastes such as landfilling among others have not only raised concerns related to environmental pollution, but have also been, to an extent, a source of socio-economic problems [2] . Such similar socioeconomic problems have also been witnessed in other developing countries such as Lebanon [1] and could be 1 Kyungpook National University, Daegu, South Korea 2 National Technical University "Kharkov Polytechnic Institute", Kharkov, Ukraine.
destabilizing factor for any country. Sustainable Municipal Solid waste treatment solutions have been developed and implemented in developed Countries such as South Korea and EU states with an aim of solving the MSW problem. For example in the Republic of Korea, integrated waste management system was designed and developed in order to increase recyclability and safe disposability of waste from the point of generation to disposal point [3] . As a result, Republic of Korea has not only achieved significantly higher recycling rates of MSW, but also implemented effective waste-to-energy technologies [4] . The same tendency may also be witnessed in EU where RDF technology has been implemented as an effective method of recycling highly calorific wastes [5] . These noble solutions will require sorting of waste from the collection point as well as necessary policy implementation supporting it. However as noted by UNEP and Cal Recovery [2] , such sustainable practices (e.g. sorting) may be difficult to implement due to socio-economic factors as well as inadequate policy guidelines related to the same. It is due to these reasons that existing MSW management and disposal practices such as landfilling are used till this day. These in turn will lead to reduction of land resources among other resources as well as creating legal responsibilities and liabilities related to unsorted MSW handling [6, 7] .
In view of the existing problem and the need to dispose unsorted MSW, Troshin et al. [8] proposed a method in which the unsorted MSW from collection point may be processed through thermal processes. This proposed method, as shown in fig. 1 , aims at separating the recyclable waste (e.g. glass, metals,) and treating the remaining wastes through thermal means so as to generate products with high calorific value and less toxic. This proposal is based on the fact that the biggest proportion of the wastes generated consists of materials with considerable calorific value. Drying of unsorted MSW is one of the steps proposed by Troshin et al. Statistical information provided by [9, 10] indicate the presence of substantial amount of water content in the MSW generated in developing countries. Therefore drying process, which is part of the proposed method, will be necessary.
The objective of this research is to investigate the effects of various factors on the drying rate of unsorted municipal solid waste as well as highlight the significance of drying unsorted In Particular, Zhang et al. [11] focussed on feasibility of increasing sorting efficiency and combustibility of MSW after bio-drying. Ragazzi et al. [12] investigated on MSW characteristics after bio-drying. However, the aforementioned studies among other studies have shed little information on drying process of unsorted MSW using effective methods similar to the one proposed by Troshin et al. In particular, little or no studies were conducted on the effect of various factors on the drying rate for typical wastes generated in developing countries. The motivation behind this study was to investigate the effect of composition, and temperature on the overall drying rate of the unsorted MSW. These objectives were achieved by conducting experiment at different temperatures and while at the same time altering the composition of the waste
II. MATERIALS AND METHODS
Sample materials composed of food waste, paper, plastics and soil. The aforesaid materials were used as representation of typical composition of waste generated in developing countries such as Kenya. In conducting this study, the following limitations were noted: there was limited statistical data regarding proximate composition of MSW; MSW generated is usually heterogeneous, with varying composition of all components and flaky thereby reducing uniformity of overall composition in the MSW. Putting into consideration the aforementioned limitations, available data suggested by Njoroge and Henry et al [9, 10] were used as the basis for calculation. Due to the flaky nature the MSW, the sample used were reduced in sized with the aim of ensuring uniformity in composition after mixing. Based on the recommendation proposed by Athanasopoulos G. A. [13] , the particle sizes of the mixed waste analyzed was <20 mm particle size. Particle sizes were determined using formula proposed by Keey R.B [14] whereby the equivalent diameter of a flaky material (MSW) could be determined by the volume it displaces. Therefore, the equivalent diameter (d e ) of the mixed waste was determined using the following equation [14] :
where, V represents the volume displaced by mixed wastes, which may be determined using the following equation:
Variable d p was determined using the expression suggested by Keey and could be expressed as follows:
where, variables B and L represented length and breath of the wastes analyzed.
Food waste was obtained from the University's dining hall, paper composition consisted of shredded paper and the plastic composition composed of plastic stuffing used in packaging. Soil used was obtained from University's territory while the wood chips represented the wood composition in the experiment. The drying equipment used for this experimental investigation was convective drying oven (Han Baek HB-502L). In order to achieve all the objectives of this experimental study, a set of 5 samples each weighing 100 gr. of mixed MSW, were used. 4 samples were used to analyse mass losses and/ or drying rate while the 5 th one was used to analyse overall moisture content.
During experiment, each sample was put in a wire mesh such that the thickness of the sample layer analyzed did not exceed 30 mm. The wire mesh plus the sample were placed in the middle of the oven and mass losses were recorded on realtime basis using digital balance (Sartorius TE 612-L). In addition, overall moisture content for sample used was obtained by drying the separate sample in the drying oven (DR -1102) at a temperature of 105ºC for 2 hours. The residual moisture content (%) was calculated by means using the following expressions [15] 
III. RESULTS AND DISCUSSION

A. Effect of different temperature on drying rate
In order to investigate the effect of temperature on drying rate 3 different temperatures were randomly selected between 50ºC and 100ºC, i.e. 60ºC, 80ºC and 100ºC. A set of 4 samples with similar weight (100 gr.) were used to investigate drying rate for each temperature for 30 min. The particle size for sample used, determined using expression above, was <20 mm. Sample waste analyzed composed of 60% food waste, 15% Plastic shreds, 15% paper shreds, 5% wood chips and 5% soil by weight. Graphic representation of weight loss vs. time and changes in water content vs. time were obtained and shown in fig 2. Results obtained from the experimental study showed that an increase in temperature resulted to an increase in drying rate by a factor of 1. Experimental drying rate for sample 1 -1 dried at 60ºC for 30 minutes was 7x10 -3 g. water/g. dry waste/min. Experimental drying rate for sample 2 -1 dried at 80ºC for 30 minutes was 8x10 -3 g. water/g. dry waste/min while that of sample 3 -1 was 7x10 -3 g water/g. dry waste/min. This was an indication of the important role temperature plays in intensification of drying process. 
B. Effect of Changes in Composition on the Drying Rate
a. Case I In this part, 3 different sets of sample wastes of with different composition were analyzed at 60ºC. One set of sample (1 -2) consisted of composed 60% food waste, 15% Plastic shreds, 15% paper shreds, 5% wood chips and 5% soil by weight. Second set of sample (2 -2) consisted of 50% food waste, 20% paper shreds, 15% plastic shreds, 10% soil and 5% wood chips by weight. Third set of sample (3 -2) analyzed consisted of 70% food waste, 15% paper shreds, 10% plastic shreds, 5% wood chips and 5% by weight soil. Experimental results are shown in fig. 3 . From the results, obtained, sample 1 -2 had a drying rate of 7x10 -3 g. water/g. waste/min which was higher than the rest. Sample 2 -2 and 3 -2 had drying rates of 5x10 -3 g. water/g. waste/min and 4x10 -3 g. water/g. waste/min respectively. Although the results did not show any correlation between changes in composition and drying rate at lower temperatures, it was evident hat higher water content in the sample was the significant driving force for drying process than low water content. These results coincide with investigation results done by Keey R [14] . b. Case II In this part, 3 different sets of sample wastes of with different composition were analyzed at 80ºC. One set of sample (1 -3) consisted of composed 60% food waste, 15% Plastic shreds, 15% paper shreds, 5% wood chips and 5% soil by weight. Second set of sample (2 -3) consisted of 50% food waste, 20% paper shreds, 15% plastic shreds, 10% soil and 5% wood chips by weight. Third set of sample (3 -3) analyzed consisted of 70% food waste, 15% paper shreds, 10% plastic shreds, 5% wood chips and 5% by weight soil. From the results obtained ( fig. 4) , sample all the samples analyzed exhibited similar drying (7x10 -3 g. water/g. waste/min) irrespective of the water content present and the changes in the composition of the sample. This showed that changes in composition did not affect the drying rate. However, drying rate increased as a result of an increase in temperature.
c. Case III In this part, 3 different sets of sample wastes of with different composition were analyzed at 100ºC. The results were shown in fig. 5 . One set of sample (1 -4) consisted of composed 60% food waste, 15% Plastic shreds, 15% paper shreds, 5% wood chips and 5% soil by weight. Second set of sample (2 -4) consisted of 50% food waste, 20% paper shreds, 15% plastic shreds, 10% soil and 5% wood chips by weight. Third set of sample (3 -4) analyzed consisted of 70% food waste, 15% paper shreds, 10% plastic shreds, 5% wood chips and 5% by weight soil. From experimental results obtained ( fig. 5 ), no correlation was seen between changes in composition and drying rate. However, experimental data showed that at higher temperatures and higher water content, the driving force for drying process and drying rates were increased. Experimental investigation analyzing the influence of temperature and composition was conducted and from the results obtained, the following conclusions could be made:  Temperature could be considered as one of the factors affecting the rate of drying. Rate of drying increased with an increase in temperature.  Effects of changes in composition of food waste on the drying rate were not exhibited in the experiment. However, water content present and temperature were the main driving force in the drying process. Therefore intensification of the drying process could be effective enough to achieve considerably higher drying efficiency.
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